We present extensive radio observations of a Type Ic supernova, ASASSN-16fp. Our data represents the lowest frequency observations of the SN beyond 1000 days with a frequency range of 0.33 − 25 GHz and a temporal range of ∼ 8 to 1136 days post-explosion. The observations are best represented by a model of synchrotron emission from a shocked circumstellar shell initially suppressed by synchrotron self-absorption. Assuming equipartition of energy between relativistic particles and magnetic fields, we estimate the velocity and radius of the blast wave to be v ∼ 0.15c and r ∼ 3.4 × 10 15 cm respectively at t 0 ∼ 8 days post-explosion. We infer the total internal energy of the radio-emitting material evolves as E ∼ 0.37 × 10 47 (t/t 0 ) 0.65 erg. We determine the mass-loss rate of the progenitor star to be M ∼ (0.4 − 3.2) × 10 −5 M ⊙ yr −1 at various epochs post-explosion, consistent with the mass-loss rate of Galactic Wolf-Rayet stars. The radio light curves and spectra show a signature of density enhancement in the CSM at a radius of ∼ 1.10 × 10 16 cm from the explosion center.
INTRODUCTION
Core-collapse Supernovae (SNe) show considerable diversity in their observational signatures. They are classified into various subclasses based on the distinct features in the optical light curve and spectra. Type Ib/c SNe (hereafter SNe Ib/c) is a sub-class of core-collapse SNe that shows no hydrogen lines in their optical spectra (Filippenko 1997) . In a volume-limited sample of all core-collapse SNe, Type Ibc comprises of ∼22% of the sample (Smith et al. 2011 ) and hence is an important mode of massive stellar death. Among SNe Ib/c , SNe Ib is characterized by the presence of helium lines in their spectra whereas SNe Ic does not show any helium lines (or very weak helium lines). Some SNe Ic show broad absorption lines in their optical spectra and they are called broad-lined SNe Ic (SNe Ic-BL; Valenti et al. 2008) . SNe Ic-BL are understood to have higher energy than typical SNe Ib/c (Foley et al. 2003; Valenti et al. 2008) . A sub-population of SNe Ic-BL are associated with Gamma-ray bursts (GRBs), some are SN 1998bw/GRB 980425 Pian et al. 2000) , SN 2003dh/GRB 030329 (Berger et al. 2003; Hjorth et al. 2003; Mazzali et al. 2003; Frail et al. 2005) , SN 2016jca/GRB 161219B (D'Ai et al. 2016; de Ugarte Postigo et al. 2016; Ashall et al. 2017; Alexander et al. 2016; Nayana & Chandra 2016) .
The progenitors of SNe Ib/c are understood to be massive stars that have lost their hydrogen and/or helium layers before the corecollapse. The two popular progenitor models are the following. A ⋆ E-mail: nayana − a@uaeu.ac.ae single massive star that lost its outer hydrogen and/or helium envelope via strong stellar winds (Ensman, & Woosley 1988) or a massive star in a binary system where the outer stellar layers are stripped off due to binary interactions (Woosley et al. 1995; Yoon et al. 2010; Yoon 2015) . There is one direct detection of the progenitor of this class in the case of SN PTF13bv (a Type Ib SN; Cao et al. 2013 ). The zero-age-main sequence (ZAMS) mass of the progenitor was determined to be ∼ 30 M ⊙ from broad-band magnitudes (Cao et al. 2013; Groh et al. 2013) . Alternatively the progenitor colors can also be reproduced in a binary model with ZAMS mass combinations of either 20 + 19 M ⊙ or 10 + 8 M ⊙ (Bersten et al. 2014; Eldridge et al. 2015) . The direct detections still lack the sensitivity to discriminate the single star and binary progenitor models. Other than this one detection, there is no direct evidence of progenitor stars of this class. Thus the progenitor scenario and the mass range of progenitor stars of SNe Ibc is still an open problem. Any information about the nature of the progenitor system via indirect probes is important.
Radio emission from the hydrodynamical interaction of supernova (SN) with the circumstellar medium (CSM) is an important probe to study the progenitor properties and immediate CSM (Chevalier 1982b) . Radio observations and modeling can constrain various physical parameters like the mass-loss rate of the progenitor star, the radius of the blast wave, the post-shock magnetic field, and CSM density. The density of the CSM will be different for single mass progenitors and binary progenitors. A single Wolf-Rayet (WR) star will have a wind stratified media around it (Chu 2002 ) whereas a binary system is likely to have a disrupted CSM due to the outflows in a common envelope phase (Podsiadlowski 1992) .
Radio light curves probe the density structure of the CSM and can discriminate between the two progenitor scenarios.
In this paper, we present extensive radio observations of an SN Ic-BL, ASASSN-16fp over a frequency range of 0.33 − 25 GHz and a temporal range of ∼ 8 to 1136 years post-explosion. We model the radio observation as synchrotron emission from the SN interaction with the CSM created by a steady stellar wind from the progenitor star (Chevalier 1982a,b) . We derive the mass-loss rate of the progenitor star and blast wave parameters at multiple epochs of the SN evolution. We also compare the properties of ASASSN-16fp with other SNe Ib/c. The organisation of the paper is the following. In §2, we review the previous studies done on ASASSN-16fp from the literature. We present the observations and data analysis in §3. The radio model is discussed in §4. Our results are presented and discussed in §5 and we summarize the paper in §7.
ASASSN-16FP
ASASSN-16fp was discovered by the All-sky automated survey for the supernovae (ASAS-SN) team ) on 2016 May 27.6 (UT) in the nearby galaxy UGC 11868 with an apparent magnitude of ∼ 15.7 (V-band). The distance towards the SN is D = 17.2 Mpc (from NED). The SN was initially classified as a SN Ic-BL ) and later as a transitional SN between SNe Ib and SNe Ic-BL due to the presence of He lines in the early optical spectrum . The date of explosion of ASASSN-16fp was estimated to be 2016 May 24.5 (UT) by extrapolating the rising part of the optical light curve . Kumar et al. (2018) carried out optical follow-up observations of ASASSN-16fp during the photospheric phase (-10 to +33 days with respect to the B band maximum) and presented the light curve and low resolution spectra. Kumar et al. (2018) estimated the date of explosion to be 2016 May 25.9 (UT) by fitting the good cadence data points from the pre-maximum phase. The last non-detection of ASASSN-16fp was on 2016 May 21.5 (UT) . Thus both the explosion dates derived by Yamanaka et al. (2017) and (Kumar et al. 2018 ) are consistent with a maximum uncertainty of ∆ t = May 27.6− 21.5 = 6.1. In this work, we adopt the date of explosion to be 2016 May 25.9 (UT). Prentice et al. (2018) presented optical observations of ASASSN-16fp from 2 to 450 days post-explosion and analyzed the physical properties. The early photospheric phase spectra showed the presence of helium in a C/O dominated shell. The authors derived the mass of the ejected material from the SN to be ∼ 2.5 − 4 M ⊙ with a kinetic energy of ∼ (4.5 − 7) × 10 51 ergs. They estimated a progenitor mass of 23 − 28 M ⊙ with almost completely stripped hydrogen and helium layers. X-ray emission was detected from ASASSN-16fp with the Xray telescope (XRT) onboard Swift satellite (Burrows, et al. 2005) on 2016 May 27.7 with a flux of 8.7 +4.6 −3.5 × 10 −14 erg s −1 cm −2 in the of 0.3 − 10.0 keV band (Grupe et al. 2016) . Radio emission was detected at 15 GHz with the Arcminute microkelvin imager (AMI) Large Array (Zwart, et al. 2008 ) between 28 − 31 May 2016 with a flux density of 1.4 mJy on 28 May 2016 (Mooley et al. 2016) . Argo et al. (2016) detected radio emission at 5 GHz with the enhanced multi element remotely linked interferometer network (e-MERLIN) with a flux density of 1.3 ± 0.2 mJy on 2016 June 5.92, resulting a 5 GHz spectral luminosuity of 5 × 10 26 erg s −1 Hz −1 . At low frequency, radio emission was detected at 1.4 GHz with the Giant Metrewave Radio Telescope (GMRT; Swarup, et al. 1991 ) with a flux density of 0.25 mJy on 2016 June 28.8 (Nayana & Chandra 2016) . Terreran et al. (2019) reported the multi-wavelength observations of ASASSN-16fp from γ-rays to radio wavelengths. The authors derived the ejecta mass and kinetic energy of the SN to be M ej ∼ 4 − 7 M ⊙ and E k ∼ 7 − 8 × 10 51 erg respectively from bolometric light curve modeling. The mass-loss rate of the progenitor star was estimated as M = (1 − 2) × 10 −4 M ⊙ yr −1 from X-ray observations (Terreran et al. 2019) .
OBSERVATIONS AND DATA ANALYSIS

GMRT Observations
We started observing ASASSN-16fp with the GMRT since 2016 Jun 05.09 (UT) (∼ 10 days post-explosion) till 2019 Jul 06.87 (∼ 1136 days post-explosion) at 1390, 610 and 325 MHz. Data were collected in the full intensity mode with an integration time of 16.1 sec. We used an observing bandwidth of 33 MHz split into 256 channels at all three frequencies. 3C286, 3C48 and 3C147 were used as the flux calibrators. We used J2139+143 and J2251+188 as phase calibrators. The data were analyzed using the Astronomical Image Processing System (AIPS; Greisen 2003) using standard techniques. Initial flagging and calibration were done using the software FLAGCAL, developed for automatic flagging and calibration for the GMRT data (Prasad & Chengalur 2012) . The calibrated data were imaged using AIPS task IMAGR. The flux density and errors are obtained from gaussian fit to the SN position using the task JMFIT. The details of GMRT observations and the flux densities of the SN are presented in Table 1 . The GMRT radio light curves at 1.39, 0.61 and 0.33 GHz spanning ∼ 10 − 1136 days post-explosion are shown in Fig. 1 .
JVLA observations
We observed ASASSN-16fp with the Karl G. Jansky Very Large Array (JVLA) on 2017 Feb 17.65, 17.67 and Feb 25.8 (project code 17A-167) spanning a frequency range 2.2 to 9.7 GHz. The observations were done in the standard continuum mode with a bandwidth of 2 GHz split into 16 spectral windows. We used 3C286 and 3C48 as the flux density calibrators and J2139+143 as the phase calibrator.
We also analyzed the publicly available archival JVLA data of ASASSN-16fp at five epochs from 2016 June 03.44 (UT) to 2016 Sep 07.15 (UT), spanning a frequency range 2 − 25 GHz. The JVLA observations at each frequency were carried out with a bandwidth of ≈ 2 GHz split into 16 spectral windows. 3C286 and 3C48 were observed for the flux density calibration, and J2139+143 was observed as the phase calibrator. The data analysis was done using standard packages within the Common Astronomy Software Applications package (CASA; McMullin, et al. 2007 ). We split the data into four sub-bands, each of ∼ 0.5 GHz bandwidth during the data reduction. The details of VLA observations and the flux densities of the SN at various epochs are summarised in Table 2 . We plot the full VLA dataset in Fig. 2 .
A RADIO MODEL
Radio emission from core-collapse SNe is synchrotron in origin (Chevalier 1982a,b) , produced due to the interaction of SN ejecta with the CSM created by the stellar wind of the progenitor star.
According to the standard model, the hydrodynamical evolution of the interaction region is self-similar across the shock discontinuity producing a shock wave of radius R(t) ∝ t m (Chevalier 1982a) . For an outer ejecta density profile of ρ ej ∝ r −n and CSM density of ρ csm ∝ r −s , the shock deceleration parameter m = (n − 3)/(n − s). The model also assumes that a fixed fraction of shock energy is fed into the relativistic particle energy density and magnetic field energy density (model 1 of ; Chevalier 1996) . At an early time, there are different absorption processes that supress radio synchrotron emission. It could be either free-free absorption (FFA) by the ionized CSM or synchrotron self-absorption (SSA) by the same electron population that produces radio emission (Chevalier 1982b .
The early radio light curve shows the evolution of the SN in the optically thick regime where the absorption processes are dominant. Later, the optical depth decreases as the shell expands and when the optical depth becomes unity, the light curve shows the transition from optically thick to thin regime.
We model the radio data of ASASSN-16fp with the standard model (Chevalier 1982b) . We fit the data with both FFA (Chevalier 1982b; Weiler et al. 2002) and SSA models ) following the procedure similar to Nayana A. et al. (2018) . For FFA model, the radio flux density, F(ν, t) is
Where τ ffa (ν, t) is the free-free optical depth due to the ionized CSM defined as.
where K 1 and K 2 are the flux density and optical depth normalization parameters. α and β denotes the spectral and temporal indices of the radio flux densities. For SSA model, the radio flux density is b The errors in the flux density are from the task JMFIT. Where τ ssa (ν, t) is the SSA optical depth given by
Where a and b denotes the temporal index of flux densities in the optically thick (F ν ∝ t a ) and thin phase (F ν ∝ t −b ). For model 1 of Chevalier (1996) , a, b and p can be related to the shock deceleration parameter m as the following. a = 2m + 0.5 in the optically thick phase and b = (p + 5 − 6m)/2 in the optically thin phase.
We carry out a two-variable fit F(ν, t) to the complete radio data with FFA and SSA models. The free parameters in the FFA model are K 1 , K 2 , α, β and δ and in the SSA model are K 1 , K 2 , a, b and p. We have a total of 112 flux density measurements at multiple epochs and frequencies. With 5 free parameters, the fit has 107 degrees of freedom. We use the chi-square minimization algorithm available in python-scipy (Virtanen, et al. 2019 ). In the fitting routine, 10% of flux density is added in quadrature to the JMFIT errors as systematic uncertainty to account for the calibration errors. The maximum calibration errors in various frequency bands of the VLA is (3 − 10)% (Weiler et al. 1986 ). The calibration error at multiple bands of GMRT is ∼10% (Chandra & Kanekar 2017).
RESULTS
The best-fit parameters and the reduced-chi square values are presented in Table 3 . The best fit modeled light curves and spectra along with the observed data are shown in Fig. 3, 4 and 5. The reduced chi-square value becomes higher for both FFA ( χ 2 µ = 62.0) and SSA ( χ 2 µ = 19.2) models if the fitting routine takes only 3% of systematic error instead if 10%. However, the best fit parameters are roughly same (within 20%). From the reduced chi-square values and the fitted lightcurves and spectra, it is evident that the SSA model fits the data better than FFA. This is expected for SNe Ic since the plausible WR progenitors have fast stellar winds (few 1000 km s −1 ) creating a less dense CSM.
While overall data are better represented by a SSA model, it is still not a very good fit. There are a few deviations from the best fit model. In the light curve at 10. 74, 11.26, 18.94, 19.45 and 24.75 GHz, the flux density measurement at 43.6 days post-explosion is slightly above the model prediction. The trend is more evident in the spectral fit (see Fig 5) where all flux density points above ∼ 10 GHz is slightly above the model prediction. We discuss this behavior in terms of a possible density enhancement in the CSM in §5.4.
Blast-wave parameters
We model the single epoch spectra with the standard SSA model to derive the blast wave radius and post-shock magnetic field at multiple epochs . For a power law electron distribution of the form N(E) ∼ E −p , the self absorbed synchrotron flux density is,
Where R is the radius of the blast wave, D is the distance to the SN from the observer, B is the magnetic field strength and f is the volume filling factor of the radio emitting region. SSA defines a spectral break frequency (ν p ) below which the spectral evolution of the flux density is ν 5/2 and above the spectral evolution is ν −(p−1)/2 . At ν = ν p the two power laws (equation 5 and 6) intersect and the corresponding flux density is F p . At this point equation, 5 and 6 can be inverted to obtain R and B assuming energy equipartition between the magnetic fields and relativistic particles. R p and B p for an electron power-law index p is given by Chevalier, & Fransson (2017) as. 74, 11.26, 13.24, 13.76, 15.74, 16.25, 18.94, 19.45 and 24.75 GHz. Green solid line denotes the SSA model and red solid line denotes the FFA model. The days since explosion is calculated assuming the date of explosion as 2016 May 25.9 (UT). The error bars in the figure (see table 2) are smaller than the marker size.
In the above equations, f eB denotes the ratio of particle energy density to magnetic field energy density. Assuming energy equipartition between relativistic particles and magnetic fields, we take f eB =1. The constants c 5 and c 6 are tabulated as a function of p in Pacholczyk (1970) . c 1 = 6.265 × 10 18 in CGS units (Chevalier, & Fransson 2017) . E l denotes the electron rest mass energy, i.e. 0.51 MeV.
The spectra of ASASSN-16fp at multiple epochs are well represented by SSA spectrum as shown in Fig. 6 with p ∼ 2.4. The nearest p value for which c 5 and c 6 are tabulated in Pacholczyk (1970) is for p = 2.5. Hence we use p = 2.5 and corresponding c 5 and c 6 values in eqns 7 and 8. At later epochs, the spectrum peaks at lower frequencies due to the expansion of the blast wave. We find ν p ∼ 20.49, 12.26, 07.66, 02.74 and 1.19 GHz and F p ∼ 13.51, 15.37, 20.00, 14.39 and 12.20 mJy on ∼ day 8, 18, 43, 104 and 272 respectively. In addition to these five epoch spectra, we also have low frequency GMRT light curves (Fig 1) . The 1.39 and 0.61 GHz GMRT light curve peaks at ∼ 330.11 and 745.01 days post explosion respectively. The corresponding peak flux densities are F p ∼ 12.18 and 9.12 mJy at 330.11 and 745.01 days post explosion respectively. We use F p and ν p at these seven epochs to derive the blast wave radius and magnetic field strength. We also find the temporal evolution of these parameters by fitting a power-law to Figure 5 . SSA and FFA model fits to the radio spectra of ASASSN-16fp on day 8. 54, 18.56, 43.60, 104.25, 267.70 and ∼ 272 post explosion. Green solid line denotes the SSA model and red solid line denotes the FFA model. The days since explosion is calculated assuming the date of explosion as 2016 May 25.9 (UT). The error bars in the figure (see table 2) are smaller than the marker size. multi-epoch values of R and B independently. The SSA frequency cascades as ν p ∝ t −0.85 , consistent with radio SNe with dominant SSA (Soderberg et al. 2006a; . We also calculate the mean velocity of the radio emitting shell at each epoch as R p /t. The results are presented in Table 4 and Fig 7. The radius of the shock wave is R 1 = (0.34 ± 0.04) × 10 16 cm at 8.54 days post explosion and expands to R 2 = (9.56 ± 1.45) × 10 16 cm at 745.01 days post explosion. The temporal evolution of shock radius can be described as R = 3.4×10 15 (t/8.54 days) 0.77±0.03 cm, indicative of a decelerating blast wave. The radial evolution of shock radius is slower compared to other type Ibc SNe like SN 2003L (R ∝ t 0.96 ; Soderberg et al. 2005) , SN 1983N (R ∝ t 0.86 ; and SN 2007gr (R ∝ t 0.9 ; Soderberg et al. 2010a) . However the temporal index is within the expected range of values i.e 0.67 ≤ m ≤ 1.0 (Chevalier 1996 . The post shock magnetic field evolves as B 54, 18.56, 43.60, 104.25, 272 .00 post explosion. We assume the date of explosion to be 2016 May 25.9 (UT). The error bars in the figure (see table 2) are smaller than the marker size.
CSM density of ASASSN-16fp is slightly flatter than the density field created by a steady stellar wind (s = 2). The derived values of m and s implies the ejecta density index of ASASSN-16fp to be n = 7.83 ± 0.4. The mean velocity of the shocked shell is ∼ 0.15c (∼ 46443 km s −1 ) on ∼ 8 days post-explosion indicative of a subrelativistic velocity similar to that of normal type Ibc SNe (Chevalier & Fransson 2006 ). If any other absorption process like FFA defines the peak of radio light curves, the actual mean velocities derived from optical measurements will be greater than the values derived from SSA model . The optical line velocities of ASASSN-16fp derived from absorption features at roughly the same epoch is 35000 ± 10000 km s −1 (Prentice et al. 2018) , which is less than the SSA derived value. Thus FFA is not likely to be the dominant absorption process in ASASSN-16fp.
Internal energy of the radio emitting material
The minimum total internal energy of the ejecta to power the observed radio emission can be found from magnetic energy density (Soderberg et al. 2010a ).
Assuming equipartition of energy between relativistic electrons and magnetic fields, we take ǫ e = ǫ B = 0.33. This places a lower limit to the total internal energy of radio emitting medium (Soderberg et al. 2010a ).
E min ≈ 2.78 × 10 44 B 1 G 2 R 10 15 cm 3 (10)
For the derived parameters of B and R, we calculate E min = [0.37±0.15, 0.73±0.25, 1.60±0.53, 3.01±1.07, 5.69±1.97, 4.86±2.60, 7.84±3.91] × 10 47 erg on day 8. 54, 18.56, 43.60, 104.25, 272.00, 330.11 and 745 .01 post explosion respectively (see Table  4 ), comparable to other type Ibc SNe . The temporal evolution of the energy can be described as E ∼ 0.37 × 10 47 (t/8.54 days) 0.65 erg (see Fig 7) , obtained from the temporal indices of R and B. Any additional absorption process like FFA or non-equipartition values of ǫ e and ǫ B will further increase the energy of the radio emitting material (Chevalier & Fransson 2006; Fransson, & Björnsson 1998) .
Mass loss rate of the progenitor star
The mass-loss rate of the progenitor star can be derived from the post shock magnetic field energy density Soderberg et al. 2006a) .
where v w is the velocity of the stellar wind of the progenitor star.
Assuming ǫ B = 0.33 and a wind velocity of v w ∼ 1000 km s −1 , typical of a WR star (Cappa et al. 2004) , we derive the mass-loss rate to be, M = (0.44 ± 0.16) × 10 −5 M ⊙ yr −1 on day 8.54 post explosion. The mass-loss rate is M = (3.20 ± 1.52) × 10 −5 M ⊙ yr −1 on day 745 post explosion (see Table 4 ). The mass-loss rates at multiple epochs suggest that the progenitor of ASASSN-16fp has gone through variable mass-loss rates in the years prior explosion. The mass-loss rate at ∼ 37 years prior explosion is 7.3 times greater than the mass-loss rate at ∼ 1 year prior explosion for a stellar wind velocity of 1000 km s −1 . The derived mass-loss rates are consistent with the mass-loss rate seen in Galactic WR stars (1 − 5) × 10 −5 M ⊙ yr −1 (Abbott et al. 1986; Leitherer et al. 1995 Leitherer et al. , 1997 Chapman et al. 1999; Cappa et al. 2004 ). The equipartition assumption puts a lower limit on the massloss rate. In a realistic scenario, the SN post shock energy is distributed among electrons, protons/ions and magnetic fields and the values of ǫ B and ǫ e are likely less than 0.33 (Chevalier & Fransson 2006) . For more realistic values, ǫ B = 0.01 and ǫ e = 0.1 (Terreran et al. 2019) , we derive the mass-loss rates to be M = (0.5 − 3.8) × 10 −4 M ⊙ yr −1 at various epochs spanning 8 − 745 days post-explosion. This is consistent with the mass-loss rate estimate of ASASSN-16fp M = (1 − 2) × 10 −4 M ⊙ yr −1 from X-ray observations (Terreran et al. 2019) .
Density structure of CSM
Radio light curves trace the density structure of the CSM. The density of the CSM need not be uniform due to variable mass-loss The blast wave radius (R), magnetic field strength (B), mean shell velocity and mass-loss rates at seven epochs, day 8. 54, 18.56, 43.60, 104.25, 272.00, 330.11 and 745 .01 post explosion. We assume the date of explosion as 2016 May 25.9 (UT). [8.54, 18.56, 43.60, 104.25, 272.00, 330.11, 745 .01] days post explosion assuming the date of explosion to be 2016 May 25.9 (UT see table 4 ) are smaller than the marker size. rate, variable wind velocity of the progenitor star, ejected stellar envelopes of progenitors, etc. The non-uniform density structure of the CSM can cause jumps in the radio light curve (Soderberg et al. 2006a ). In the radio light curve of ASASSN-16fp, we see flux density enhancements on day 43.6 post-explosion at frequencies above ∼ 10 GHz where the emission is optically thin. The effect is also seen in the spectra (see Fig. 5 ) where all the optically thin flux density measurements are above the model prediction. We interpret this as a signature of non-uniform CSM density at a radius of ∼ 1.10 × 10 16 cm. The flux density scales as R 3 N 0 B (p+1)/2 , for SSA dominated radio emission . Assuming constant ǫ B through out the evolution, B 2 ∝ n e v 2 and the radio flux density F ν ∝ n (p+5)/4 e . For p = 2.4, F ν ∝ n 1.9 e . The flux density enhancement seen on day 43 from ASASSN-16fp is ∼ 1.5 times that of the standard model prediction. Thus the density enhancement in CSM is only ∼ 1.2. This could be due to small scale clumping within the stellar wind (Moffat 2008; Smith 2014) . The CSM of WR stars are known to be significantly disturbed and there are X-ray observations that show evidence for dense clumps (Hillier 2003) . Assuming a stellar wind velocity of 1000 km s −1 , typical of WR stars (Cappa et al. 2004) , the density enhancement could be due to a mass-loss event happened ∼ 3.5 years prior explosion. These sorts of small scale flux density enhancements are seen in ∼ 50% of SNe Ib/c (Soderberg et al. 2006a ).
A COMPARISON WITH OTHER SNE IC-BL
In this section, we compare the properties of ASASSN-16fp with other radio bright SNe Ic-BL with out GRB association. The properties of a few SNe Ic-BL from radio modeling are compiled in Table 5 . We also include the first prototypical GRB associated SN 1998bw/GRB980425 in the table for comparison. The 5 GHz light curve of ASASSN-16fp peaks at ∼ 104 days post-explosion with spectral luminosity 5.2×10 27 placing it as one of the luminous radio SNe with luminosities similar to SN 2009bb ) and SN 2012ap . The peak radio spectral luminosity of ASASSN-16fp is within the broad distribution of radio luminosities of SNe Ibc (Soderberg et al. 2006b ) attributed to the range of CSM densities observed in Galactic WR stars (Chevalier & Fransson 2006) . Besides, the variation in the parameters ǫ e and ǫ B may also contribute to the large range of radio luminosity (Chevalier & Fransson 2006) . The light curve of ASASSN-16fp evolves slightly slower compared to the typical rise time of 5 GHz light curve (10-30 days) of SNe Ib/c (Weiler et al. 1998 ). The 5 GHz spectral luminosity of ASASSN-16fp is 20 times smaller than the spectral luminosity of PTF11qcj that peaks at a similar time (100 days post-explosion). The massloss rate of PTF11qcj is ∼ 17 times more than that of ASASSN-16fp owing to the brighter radio emission possibly due to denser CSM. The mean shock velocity of ASASSN-16fp on ∼ 18 days post-explosion is 0.13c consistent with the mean shock velocities of normal SNe Ib/c (0.1-0.15c; Soderberg et al. 2006b ). compiled mean shock velocities of a sample of SNe Ib/c and the mean shock velocity of ASASSN-16fp closely resemble the shock velocity of SN 1993N at similar epoch. A comparison with the mean shock velocities of SNe Ic-BL suggests that ASASSN-16fp has the slowest shock with velocity at least a factor of 2 less than the rest of the SNe Ic-BL in the Table 5 . The shock velocity of ASASSN-16fp is ∼ 10 times slower compared to GRB associated SN 1998bw ). Thus ASASSN-16fp further emphasizes that broad lines in the optical spectra cannot be consid-ered as the proxy for relativistic ejecta as also seen in SN 2002ap (Berger et al. 2003) . The difference in shock velocity could be either due to the difference in CSM density or due to the SN property itself like initial explosion energy or ejecta mass. The different SNe Ic-BL are characterized by roughly similar shock deceleration parameter (m). The shock deceleration parameter of ASASSN-16fp is m ∼ 0.8, indicative of WR like radiative progenitor star similar to PTF11qcj ) and PTF11dby Horesh et al. 2013) . The magnetic field of ASASSN-16fp at ∼ 18 days post-explosion (1.1 G) is higher than the magnetic fields seen in normal SNe Ib/c (0.2-0.6 G; Chevalier 1998) and is similar to the magnetic field of SN 2012ap . The mass-loss rates of the progenitors of SNe Ic-BL are in the range of (0.3-5)×10 −6 M yr −1 except for PTF11qcj . The relatively lower mass-loss rates are indicative of compact progenitors of these SNe driving faster stellar winds. The internal energy of the radio-emitting material of ASASSN-16fp is 46 times greater than SN 2002ap (Berger et al. 2003) and ∼ 100 times smaller than SN 1998bw , placing it in a phase space between SN 2002ap and SN 1998bw in terms of energetics. The radio light curve of ASASSN-16fp shows remarkable similarity with the radio light curves of PTF11qcj showing achromatic short time scale variability (see Fig 11 and 12 of Corsi et al. 2014 ). PTF11qcj exhibits a factor of 2 enhancement in flux density at radius >1.7×10 17 cm owing to small-scale density fluctuations in the CSM. ASASSN-16fp also shows small scale flux density enhancement at radius R=1.1×10 16 cm (see §5.4).
SUMMARY
We present extensive radio observations of a Type Ic supernova, ASASSN-16fp spanning a frequency range of 0.33 − 25 GHz and a temporal range of ∼ 8 − 1136 days post-explosion. We model the radio data with the standard model and our main results are the following (i) The observations are best represented by a model in which the dominant absorption process is SSA during the time-scale probed by the radio data.
(ii) Assuming equipartition of energy between relativistic particles and magnetic fields (ǫ e = 0.33 and ǫ B = 0.33), we estimate the shock radius and velocity to be R ∼ 0.34 × 10 16 cm and v ∼ 0.15c respectively at t 0 ∼ 8 days post-explosion. The shock velocity is subrelativistic as seen in normal type Ic SNe implying that the broad absorption lines in the optical spectra do not indicate relativistic ejecta.
(iii) The evolution of the shock radius and magnetic field can be represented as R ∝ t 0.77±0.03 and B ∝ t −0.83±0.04 respectively, implying a CSM density profile ρ csm ∝ r −1.6 and an outer ejecta density profile ρ ej ∝ r −8 .
(iv) We infer the temporal evolution of the total internal energy of the radio-emitting material to be E ∼ 0.37 × 10 47 (t/8.54 days) 0.65 erg, consistent with the normal type Ibc SN population.
(v) We determine the mass-loss rate of the progenitor star to be M ∼ (0.4−3.2)×10 −5 M ⊙ yr −1 from equipartition values, consistent with the mass-loss rate of Galactic WR stars.
(vi) The radio light curves and spectra show the signature of density enhancement in the CSM at a radius of ∼ 1.1 × 10 16 cm from the explosion center possibly due to a small scale clumping in the stellar wind ∼ 3.5 years prior explosion.
(vii) A comparison of ASASSN-16fp parameters with other SNe Ic-BL suggests that ASASSN-16fp is fairly radio luminous
